Introduction
A fter the identification of peptides as the m ajor toxic principles of bee [1 ] and snake [2] [3] [4] venom various basic tetradecapeptide amides were isolated from wasps [5] . These mastoparans can be charac terized by their mast cell degranulating properties, resulting in the release of toxic and allergenic m ediators (histam ine, serotonine) [6 ] causing hemolysis [7] or changing the ion conductivity of lipid m em branes, due to their amphiphilic properties [8 ] . M astoparans are of interest for studying im munological mechanisms of allergic reactions of the im mediate anaphylactic type [9, 10] . As a conse quence of the anaphylactic antigen-antibody inter action on the outer surface of mast cells these are degranulated in a way similar to the action of m as toparans. Eight mastoparans have so far been iso lated from different paravespula, vespa and polistes species (Table I) , but no investigations are known yet about similar peptides in the most common E uro pean wasp species Paravespula vulgaris. From the venom glands of 3991 wasps we have isolated a basic pentadecapeptide with mast cell degranulating prop-erties. Its primary structure was derived by amino acid analysis, Edm an degradation of the tryptic frag ments and fast atom bom bardm ent mass spec trometry.
Materials and Methods

Collection o f wasp venom
Wasps were collected by deep-freezing complete nests with liquid nitrogen. A fter separating larvae and nest m aterial the adult female animals were kept in liquid nitrogen. For isolation of the venom glands the animals were warmed up to room tem per ature and the venom apparatus rem oved under a stereomicroscope. The venom glands were transfer red to bidistilled water. For precipitation of enzymes trichloroacetic acid was added until a concentration of 5% was reached. The solution was treated twice in an ultrasonic bath for 2 min and subsequently cen trifuged for 20 min at 8000 cpm. The clear liquid was directly transferred to a column for gel filtration.
Gel filtration
The extract of 1000 venom glands was submitted to gel filtration on a column (80x1.6 cm) with Sephadex G 25 (fine) with ammonium formate (0.05 M) as eluent and UV detection (254 nm). The fractions were tested for mast cell degranulating properties and for their amino acid composition be- fore and after total hydrolysis. Mast cell degranulat ing properties could be correlated to Sephadex G 25 fractions 4 -9.
High pressure liquid chromatography
HPLC separations were perform ed on a SpectraPhysics Sp 8000 instrum ent with stainless steel col umns (250x4 mm) with Lichrosorb RP-18 (5 /im, K nauer, Bad H om burg) together with a Lichrosorb RP-18 precolumn (7 0 x 2 mm) and UV detection at 215 nm. A linear gradient of bidistilled H 20 and acetonitrile (10 to 60% acetonitrile in 90 min) with 0 . 1 % trifluoroacetic acid was used for elution at a flow rate of 1 ml/min at 323 K.
A m in o acid analysis
Amino acid analyses were obtained on a Biotronic LC 6001 instrum ent with ninhydrin reagent for de tection.
A cid hydrolysis
Small samples of the Sephadex G 25 or HPLC fractions were lyophilized in a glass ampoule. A fter addtion of 100 //I of 6 N HC1 the ampoules were seal ed and heated at 110 °C for 22 h. The solution was then lyophilized and the sample taken up in 1 0 0 ju\ of buffer for amino acid analysis.
Enzym atic hydrolysis
The lyophilized samples were dissolved in 50 fx\ of trisbuffer (0.01 M, pH 8.0). A fter adding dialyzed pronase E incubation proceeded for 1 h at 37 °C. The solution was lyophilized and taken up in 100 /u\ of buffer solution for amino acid analysis.
Sequence analysis
Thin-layer finger prints of the trypsin digestion products of 4 nmol of peptide were obtained on polygram plates (Cel 300, Macherey & Nagel, D ü ren). Electrophoresis at 450 V (1.5 h, 2% pyridine acetate, pH 4.5 with 5% acetone) was followed by chrom atography in pyridine, «-butanol, acetic acid, H 20 (50:75:15:60, v/v; 4 -5 h).
The plates were sprayed with 5% pyridine in acetone and, subsequently, with 1% fluram (Serva, Heidelberg) in acetone. The peptides were detected under UV-light and degraded according to the dansyl-Edman procedure [11 -13] . Sequential degrada tion of the native peptide proceeded according to the dansyl-and dabsyl-Edman m ethod using 5 nmol of sample.
Mass spectrometry
Fast atom bom bardm ent (FAB) mass spectra were recorded on a Finnigan M AT 311 A instrum ent (negative ions) and on a Kratos MS 50 S instrum ent (positive ions) with xenon as collision gas and gly cerol or 1-thioglycerol as matrix. Oxalic acid, acetic acid or HC1 were added for better solution of the samples.
Biological tests
For detection of mast cell degranulation a phase contrast microscope with an amplification factor of 400 and 1200 was used. Mast cells were isolated from the peritoneum of rats according to the m ethod of Bloom and Haegerm ark [14] 1.8% NaCl solution were mixed on a glass plate. Im m ediate mast cell degranulation could be ob served and continued for 1 0 min.
Results and Discussion
C oncom itant biological tests revealed mast cell de granulating properties in Sephadex G 25 fractions 4 -9 (Fig. 1) . The biological activity could be corre lated to a U V maximum at 254 nm and high yields of isoleucin and lysine in the amino acid analysis of these fractions, typical to mastoparans (Table I) . The active fractions 4 -9 were further separated by RP-18 H PLC. The biological activity could be lo cated in H PLC fraction 17 ( Fig. 2a) and isolated in almost pure form by m icro-preparative HPLC (Fig. 2b) .
A m ino acid analysis after 6 N HC1 hydrolysis indi cated the presence of the following amino acids: A la2, A s x 2, Ile4, Lys4, M et1? Serj. A peptide of this com position can not explain the UV absorption at 254 nm. We therefore perform ed an enzymatic hy drolysis with pronase E. In addition to the amino acids identified from acidic hydrolysis one tryp tophane residue was detected. Also the asx residues were found to be asn residues. The complete amino acid composition of the mast cell degranulating pep tide therefore must be as follows: A la2, Asn2, Ile4, Lys4, M et!, Serl5 T rpF or sequence analysis a tryptic digest of the purified peptide was investigated. Two-dimensional separation by electrophoresis and thin-layer chrom atography yielded five spots. A fter isolation from the thin-layer plate the fractions were submit ted to micro-dansyl-Edm an degradation [11 -13] . The fragments identified are shown in Table II. Stepwise degradation of the complete peptide se quence according to the micro-dansyl technique and degradation of the N-term inal residues 1-9 accord ing to the dabsyl-Edm an technique [15 -17] in agree m ent with the fragm ents identified above yielded the following sequence:
A 60 T 1 H -A l a -A l a -M e t -A s n -O H T 2 H -I l e -A s n -T r p -L y s -O H T 3 H -S e r -T r p -I le -L ys-OH T 4 H -lie -L ys-O H T 5 Lys
H -lie -A sn -T rp -Lys-Lys-lie -Lys-S e r -T rp -lie -Lys-A la -A la-M et-A sn-OH This sequence was not in agreem ent with the amino acid analyses, which consistently showed the presence of 4 He residues and only 1 Trp residue.
Mass spectrom etric investigation by the FAB m ethod (a technique that allows the recording of mass spectra of free peptides) [18, 19] of the tryptic fragment T3 (Fig. 3) clearly indicated a protonated molecular ion [M + H ]+ at 460 amu which agrees with the sequence H -Ser-He -He-Lys-OH. The com position of this fragm ent was also confirmed by amino acid analysis.
To prove this result FAB spectra of the complete pentadecapeptide were recorded (Fig. 4) . A proto nated molecular ion of high abundance appears at m tz = 1757. The molecular weight of 1756 amu is in accordance with the sequence:
H -lie -A sn-T rp -Lys-Lys-lie -Lys-Serlie -He -Lys-Ala -A la -Met -Asn In addition to m olecular weight information in the mass spectrum sequence specific signals can be ob served. Ions of the C-series are formed according to the fragm entation mechanism shown in Fig. 5 .
An ambiguity which could not quite be ruled out concerns the C-term inal residue which was identified as Asn by amino acid analysis and Edman degrada tion, but which could also be an A sp-N H 2 residue. This isomer would hardly be discriminated by the analytical techniques applied. This question will pos sibly be answered after synthetic material will be available.
From quantitative amino acid analyses it can be estim ated that the mast cell degranulating penta decapeptide am ounts to about 0 . 2 mg/venom gland or 0.05% of the total venom of Paravespula vulgaris.
A lthough the pentadecapeptide resembles to the known m astoparans (Table I) only in the N-terminal region and inspite of the deviation in chain length the biological activity (strong mast cell degranulation at a concentration of 1 0 nmol/ml) justifies its classifica tion as a m astoparan.
However, more detailed biological investigations should be perform ed after isolation of more material or with the synthetic peptide as soon as this will be available.
It was shown by N akajim a et al. [5] that histamine releasing properties are also observed with m asto paran analogues of shortened chain length.
Mast cell degranulation seems to depend on the ability of a peptide to form a hydrophobic a-helix in the cell m em brane. A pparently the basic amino acid residues associate with negatively charged residues of m em brane proteins. In this way the hydrophobic a-helix becomes fixed to the m em brane [2 0 ].
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